Introduction: Malaria particularly affects children in sub-Saharan African countries. This study aimed to investigate the factors associated with death in cases of severe childhood malaria to better understand the determinants of death in these children. Patients and Methods: This cohort, descriptive and analytical study was conducted from April 1 to August 15, 2015, at the CNHU-HKM pediatric clinic in Cotonou. Recruitment was exhaustive for all patients under 15 years of age who were admitted for severe malaria, as confirmed by thick smear microscopy. Results: Among the 1774 admitted patients, 449 had severe malaria caused by Plasmodium falciparum (i.e., a hospital frequency of 25.31%).
Introduction
Malaria is a major health issue worldwide, with more than 3.2 billion people affected, despite investments to prevent and control the disease [1] . According to the WHO, in 2013, severe malaria caused 584 thousand deaths per year worldwide, including 90% in Sub-Saharan Africa, and children younger than 5 years of age were the primary victims (78%) [2] . In Benin, malaria mortality has demonstrated peaks and dips since 2000, with an average of 8.8% [3] . However, some progress has been made since 2000, with a mortality rate that declined to 47% globally and to 54% in Africa [4] . These advances are related to several interventions, particularly the Roll Back Malaria (RBM) partnership, use of the malaria rapid diagnostic test (RDT) in all peripheral health facilities, and the distribution of kits to manage severe malaria in all hospitals, particularly in Benin. Despite that downward trend, the mortality rate is still high. Some authors have identified certain risk factors associated with death in severe malaria cases [5] [6] . Other factors might also explain why the trend is still high. The authors of this study aimed to identify the determinants of death in cases of severe malaria in children at the CNHU-HKM of Cotonou.
Patients and Methods
This cohort, descriptive and analytical study was performed from April 1 to August 15, 2015 , and it focused on children from one month to 15 years of age who were hospitalized for severe malaria in the Pediatric Unit of the Hubert K.
Maga National University Teaching Hospital of Cotonou. Authorization was obtained from the Faculty of Health Sciences' Ethical Committee in Cotonou and informed consent of patient's parents before starting the study. The researchers defined severe malaria as a thick smear test that was positive for Plasmodium falciparum, associated with one or many serious symptoms, according to the World Health Organization's recommendations [1] . This study did not enroll children who were suffering from severe malaria and were deceased upon admission, or whose illness was associated with sickle cell disease. Recruitment was exhaustive and based on child hospitalization records or on the register. The data were gathered using a data processing form. The study variables were data related to the children (i.e., age, sex, nutritional status, clinical and paraclinical serious symptoms of malaria, clinical and paraclinical signs of bacterial co-infection, length of hospital stay, therapeutic characteristics and children's future) and to the parents in charge of the children (age, educational background and occupation), as well as the health system, if the case was a referral (referring health center and waiting time for the referral).
The data (generated with full confidentiality) were processed and analyzed using SPSS 2.1 software and Pearson's Chi-squared test when the number of subjects under observation was greater than or equal to 5, Yates corrected Chi-squared test when the number was between 5 and 2.5, and finally, the Fisher exact test when the number was lower than 2.5. Each time a relationship was established between occur-G. G. Sagbo et al. Open Journal of Pediatrics rence of death and one of the study variables, the level of the relationship was measured using an odds ratio (OR) with a 95% confidence interval. Any result was considered to be statistically significant when p was lower than 5%. Univariate analysis was complemented by multivariate analysis using binary logistic regression to identify the independent poor prognostic factors associated with the lethality of malaria.
Results

Characteristics of the Study Target Population
During the study, 449 children (of a total of 1774 admissions) were investigated (i.e., the frequency of hospital admissions due to severe malaria caused by Plasmodium falciparum was estimated at 25.31%). The sex ratio (M/F) was 0.9with 212 males. Thirty children (6.7%) were younger than 12 months of age, 296 (65.9%) were 12 months to 60 months of age, and 123 children (27.4%) were older than 60 months. The mean age of the children was 51 months (range, 2 to 180 months). 
Comparison of Children Hospitalized for Malaria and Lived Compared to Those Who Died
Epidemiological Characteristics of Children, Educational Backgrounds and Occupations of Their Guardians and Aspects of Referrals
The children's epidemiological factors, the characteristics their guardian, and aspects of the referral system discussed in this study had no influence on the risk of death among the children hospitalized for malaria. Approximately three of four children (329/449, 71.2%) were referred by another health facility.
Clinical Characteristics of the Children 1) Nutritional status
Nutritional status was poor in 12 of the deceased children (of a total of 64 malnourished children), but it did not significantly increase the risk of death. were associated with death (Table 1 , page 5).
3) Bacterial co-infection
Eighty-seven of the 449 children (19.4%) presented with a bacterial co-infection;
19 of the 87 (21.8%) died. The bacterial infections were septicemia, meningitis, urinary infection and enterocolitis. There was a relationship between the occurrence of death and bacterial co-infection, particularly septicemia (p < 0.001) ( Table   2 ).
4) Therapeutic characteristics
The therapeutic characteristics examined were the wait time for care, use of artesunate, quinine, anticonvulsants and antibiotics, and length of hospital stay, as well as undergoing a blood transfusion. Regarding protective effects, there was a relationship between patient mortality and several therapeutic factors (protective factors): use of artesunate (p < 0.001), anticonvulsants (p < 0.001), antibiotics (p = 0.012) and blood transfusion (p = 0.019) ( Table 3 ).
Factors Associated with Death
After the logistic regression analysis, the constant factors associated with children's death were coma, bacterial co-infection and convulsive status epilepticus, with a 95% confidence interval (Table 4) .
Discussion
This study analyzed the characteristics and critical factors related to hospital-related 
Epidemiological Aspects
The frequency of malaria in hospitalized children in this study was 25.3%, which is close to the 29.8% (n = 409) observed in Tanzania in 2012 [6] . In Togo in 2002 and in Senegal in 2007, rates of 4.37% (n = 361) and 6.4% (n = 162), respectively, were reported in hospitalized children. These figures are much lower than ours [7] [8]. Those differences may be due to many factors. First, this research was performed during the rainy season, which is characterized by more cases of malaria, whereas in Togo and Senegal, the study periods were longer (3 years and 1 year, respectively) and included periods of low transmission of severe malaria. In addition, the type of transmission is highly endemic in Benin, whereas in Senegal, a country with a Sudano-Sahelian climate, malaria transmission is intermittent (i.e., more common during the rainy season and low during the rest of the year) [9] . As a result, the CNHU facility that hosts the national blood transfusion center treats most children suffering from severe malaria for anemia (62.5% of cases) because of a frequent shortage of blood products in the other hospitals of the area during times of high demand.
In this series, the mean age of the children was 52 months, and children younger than 5 years of age were the numerically predominant population (73%). This age group was most affected by cases of severe malaria, as reported by another author [10] . The predominance of that age group may be due to the disappearance at that age of the innate immunity provided by the presence of fetal hemoglobin and food diversification. The latter is not always well conducted in our context due to poverty on the one hand and to the late acquisition of premunition against malaria on the other hand [11] . In Senegal, according to two studies conducted in 1999 and 2007, respectively, the predominant age group was that of children 5 to 10 years of age [8] [9] . According to the authors, it is one of the characteristics of malaria intermediary host areas, such as Senegal.
Clinical Aspects
The most common serious symptoms were (in descending order of occurrence) anemia (62.6%), "Coca Cola" urine (38.1%) and coma (34.1%). Another author has already identified severe anemia as the most common serious symptom [12] .
Its high frequency, in terms of iron deficiency was present in 30 to 60% of the children younger than 5 years of age in tropical Africa [13] [14] , and as CNHU is the national referral hospital, blood tested suitable for transfusion is more available during periods of blood shortage than in peripheral hospitals. Hemoglobinuria followed with 38.1%, as also reported in Togo in 2002 [7] . By contrast, in a study conducted in Senegal in 2007, its occurrence was not as regular [8] . It would be interesting to investigate (through a scientific study) the reasons for the high frequency of hemoglobinuria compared to other countries. Among the children, 87 (19.4%) had bacterial co-infection. It is assumed that passage of hematozoa 
Therapeutic Aspects and Outcomes
In this investigative work, artesunate was the molecule most used, as recommended by the WHO [1] , except for 4 children who were administered quinine. The average length of stay in hospital was 5 days (range, 0 to 25 days). In this study, in terms of severe malaria, 59 children experienced fatal outcomes (i.e., a hospital-related lethality rate estimated at 13.1%, IC: 10.0% -16.3%). These figures are close to those reported in two other studies performed in Sub-Saharan Africa [12] [16].
Overall, severe malaria continues to exact a heavy toll on children. In 2015, the United Nations Inter-Agency Group for Child Mortality Estimation (UN-IGME)
reported malaria as the third preventable cause of death in children under 5 years of age, after pneumonia and diarrhea [17] , despite the fact that a practical handbook for the management of malaria has been edited by the WHO [1] . Two of three children died within the first 24 hours of hospitalization. Another researcher has made the same remark [5] . This report is about early deaths that reflect the particularly serious condition of children at admission. Late use of medical care due to initial lack of knowledge of serious symptoms by parents may explain the early deaths.
Factors Associated with Death
Death occurred without differentiation in both sexes. Other authors have reported that female children had a greater risk of death [5] [18].
The univariate analysis results showed that the risk of mortality was signifi- shock, coma and association of at least two serious symptoms [10] . In Ghana [12] , in addition to the factors mentioned above, other factors were identified as being associated with death (e.g., hyperparasitemia and hyperlactatemia). Coma was one of the serious symptoms mostly observed among dead children (59% This research has demonstrated a relationship between convulsions and death. There were repeated convulsions often indicating a convulsive status epilepticus likely associated with brain edema. Brain edema results from sequestration of P. falciparum in the capillaries of the brain on the one hand, and from production of inflammatory cytokines on the other hand. Thus, brain edema formed would worsen ischemia by inducing compression of the arteries, which might be responsible for the reduced cerebral blood flow causing brain injury (neurological damage) and even death [19] . In the context of our work, sub-optimal intensive care measures are all factors that contributed to the poor prognosis observed in this study in cases of convulsive status epilepticus or coma with brain edema.
Bacterial co-infection, particularly septicemia, was a critical factor in the occurrence of death in children admitted for malaria (with a mortality risk 10 times higher). Septicemia is a severe bacterial infection that is life-threatening, unlike pneumonia which may be more easily treated. The kinds of bacteria were gram negative.
Conclusion
In this study of the factors related to fatal outcomes in cases of severe malaria among children hospitalized in the CNHU-HKM's pediatric and medical genetics clinic, the malaria mortality rate was 13.1%. In addition, the factors identified as being critical in the occurrence of child death were coma, convulsive status epilepticus and bacterial co-infection. Corrective measures should be put in place to curb these identified factors to reduce the lethality associated with severe malaria.
